The Guedel airway was described in 1937 [1, 2] and is in daily use as a means of clearing a partly obstructed airway. It has always been assumed that its effectiveness depends on its ability to hold the tongue away from the back of the pharynx, thus providing a clear channel for respired gases. However, in a significant percentage of patients, further manoeuvres are required in order to prevent partial or complete obstruction of the airway, for example dorsiflexion at the atlantooccipital joint or an Esmarch-Heiberg manoeuvre. The radiological study of Nandi and his colleagues [3] defined the effect of anaesthesia on the profile of the pharynx, but gave no indication of the reasons why these additional manoeuvres should be required to ensure a clear airway after insertion of a Guedel airway. We have therefore undertaken a study to find out the exact site of obstruction when the Guedel airway is in situ, and to see the effect of further manipulations.
The Guedel airway was described in 1937 [1, 2] and is in daily use as a means of clearing a partly obstructed airway. It has always been assumed that its effectiveness depends on its ability to hold the tongue away from the back of the pharynx, thus providing a clear channel for respired gases. However, in a significant percentage of patients, further manoeuvres are required in order to prevent partial or complete obstruction of the airway, for example dorsiflexion at the atlantooccipital joint or an Esmarch-Heiberg manoeuvre. The radiological study of Nandi and his colleagues [3] defined the effect of anaesthesia on the profile of the pharynx, but gave no indication of the reasons why these additional manoeuvres should be required to ensure a clear airway after insertion of a Guedel airway. We have therefore undertaken a study to find out the exact site of obstruction when the Guedel airway is in situ, and to see the effect of further manipulations.
PATIENTS AND METHODS
The study was approved by the hospital Ethics Committee and consent was obtained from 22 male patients studied. All were aged between 63 and 84 yr and mean weight 72.6 kg (range 60-91 kg) presenting for routine urological procedures under general anaesthesia. None had apparent anatomical abnormalities of the upper airways or symptoms of any pathology in this area. All were ASA grades I and II and had no significant lung pathology. Premedication was prescribed at the discretion of the anaesthetist.
Lateral soft tissue radiographs of the pharynx were taken in the anaesthetic room at the time of induction of anaesthesia. The patients were supine, with the head in a neutral position, 3-4 cm above the plane of the table, using a ring support.
The first radiograph was taken before induction and was an expiratory film, taken with the patient breathing through his nose. Anaesthesia was induced using thiopentone 3-4 mg kg" 1 , and the second radiograph was taken during the brief apnoeic period. Anaesthesia was maintained with 50 % nitrous oxide and enflurane in oxygen, with the patient breathing spontaneously via a face mask. The airway was maintained during this phase by dorsiflexion of the atlanto-occipital joint, jaw protrusion, or both, as necessary. When anaesthesia was considered to be deep enough by conventional means, a No. 4 Guedel airway (Portex Ltd, ref 100/303/040) was inserted, with the flange resting against the lips. Support of the jaw was then discontinued for a period not exceeding 7 s and the next radiograph was taken immediately, after allowing the head to fall back into a neutral position. Positioning was confirmed by inspection from the side. A further x-ray was taken with the head held in an extended position, by pulling the symphysis menti in an anterocephalic direction. The final radiograph showed the head held in a full Esmarch-Heiberg manoeuvre. This involves dorsiflexion at the atlantooccipital joint and protruding the mandible anteriorly by exerting an anterior thrust behind the rami [4] . This was achieved with a specially constructed radiolucent Perspex device to prevent the anaesthetist's fingers obscuring the radiograph.
While the x-rays were being taken, periods of partial and complete obstruction were not allowed to continue for more than 7 s. With an inspired oxygen concentration of 50%, the alveolar PO;, does not decrease to less than normal values under these circumstances.
All radiographs were taken on a Dean 38 mobile x-ray machine (Dean GEC X-ray Operators Ltd, Wembley). The exposure factors were in the range 62-65 kV (peak) and 12-16 mA s, depending on the patient's build. The exposure times were 60 ms and the film focal distance was 150 cm, with the patient midline 26 cm from the film.
A clinical assessment was made of the degree of airway obstruction present at the time of each radiograph. Three grades of ventilatory obstruction were used: clear, partially obstructed and totally obstructed. The airway was classified as clear if there were no adventitious sounds, the reservoir bag moved with ventilation and the chest moved in phase with the abdomen. Partial obstruction was noted if the reservoir bag moved with ventilation but adventitious sounds were present, or there was evidence of indrawing of the suprasternal space, or the thorax moved out of phase with the abdomen. An airway was considered to be totally obstructed if there was no movement of the reservoir bag.
RESULTS
For technical reasons, satisfactory films during apnoea after induction of anaesthesia were obtained only in the last 17 patients. In these patients, induction of anaesthesia to the point of apnoea and before the onset of attempted breathing or the insertion of the Guedel airway, resulted in the changes listed in table I. The nasopharynx closed (A) in all but two patients. The anteroposterior dimension of the oropharynx (B) was highly significantly reduced, but became zero in only one patient. The epiglottis moved (C) posteriorly (P = 0.014) and appeared to touch the posterior pharyngeal wall in 10 of 17 patients.
Overall, only six of the 22 patients had an airway that was radiologically and clinically clear with the Guedel airway in place in the neutral head position. This increased to 16 radiologically clear and 19 clinically clear with dorsiflexion at the atlanto-occipital joint. With the full EsmarchHeiberg manoeuvre, 15 were radiologically clear, but 21 were clinically clear (table II) . There were 12 cases of total obstruction clinically in the neutral position, but none at all with dorsiflexion at the atlanto-occipital joint or the EsmarchHeiberg manoeuvre.
Taking all 66 x-rays in the 22 patients, there was only one instance of partial and none of total clinical obstruction without apparent radiological cause (table III) . There were, however, 10 instances of a clinically clear airway in the presence of an apparent radiological cause for obstruction. In four of these, the Guedel airway appeared to be lying in the vallecula and, in six patients, the epiglottis appeared to be obstructing the open end of the Guedel airway (table II) . All the patients in whom the airway tip was shown to be lodged in the vallecula were older than 80 yr, and three of the four were edentulous. Otherwise, there was no relationship demonstrated between the site of the airway tip and age or dentition. We had too few patients who were obese or very thin to draw any conclusions about the effect of body mass. In six patients the airway was clear, both clinically and radiologically, with the Guedel airway in place and the head in the neutral position ( fig. 1) . The airway remained clear with both dorsiflexion at the atlanto-occipital joint and the Esmarch-Heiberg manoeuvre (table II) . In nine patients, the lower end of the Guedel airway was obstructed partially or totally when the head was in the neutral position, by a "shelf" of the posterior-inferior aspect of the tongue which was displaced by the Guedel airway itself ( fig. 2) . Clinically, this resulted in airway obstruction in all nine patients (complete in seven) (table II). In six of these patients the airway cleared, both clinically and radiologically, after the simple manoeuvre of dorsiflexion at the atlanto-occipital joint ( fig. 3) . The airway was clinically clear in a seventh patient after dorsiflexion at the atlanto-occipital joint, but radiologically the epiglottis appeared to be impacted in the Guedel airway. The other two patients remained partly obstructed with dorsiflexion at the atlanto-occipital joint and, in one of these, the x-ray showed this was caused by the tongue. In the other patient there was no apparent cause for the partial obstruction. The full Esmarch-Heiberg manoeuvre resulted in a clinically clear airway in all nine of these patients, although one patient gave the radiological appearance of the tip of the epiglottis having moved against the tip of the Guedel airway. X-rays of two other patients showed the tip of the Guedel airway lying in the vallecula, which was not the case when the heads of these patients were in the neutral position or with dorsiflexion at the atlanto-occipital joint.
In four patients the radiograph showed the distal end of the Guedel airway to be lodged in the vallecula in the neutral position and, in each case, the airway was obstructed clinically, three of them totally (fig. 4) . In one of these, the Guedel airway was dislodged by simple dorsiflexion at the atlanto-occipital joint, resulting in clinically unobstructed breathing. In another one, the Guedel airway remained in the vallecula, despite dorsiflexion at the atlanto-occipital joint and the Esmarch-Heiberg manoeuvre. Clinically, in this patient, the airway cleared on dorsiflexion at the atlanto-occipital joint, despite the radiographic appearance of the airway remaining in the vallecula. In the last two patients in this group, dorsiflexion at the atlanto-occipital joint gave the radiological appearance of the epiglottis moving into the end of the Guedel airway, and it remained there despite an Esmarch-Heiberg manoeuvre. In both of these patients, the airway was obstructed clinically in the neutral position, when the airway was in the vallecula, but became clear on dorsiflexion at the atlanto-occipital joint, despite the xray appearances of the epiglottis still obstructing the airway.
The final group comprised three patients in whom the tip of the epiglottis appeared to be obstructing the end of the airway in the neutral position ( fig. 5) . Clinically, this caused total obstruction in two patients, but only partial obstruction in the third. Two of these airways were cleared completely by dorsiflexion at the atlanto-occipital joint, but in the third patient the Guedel airway slipped into the vallecula on extension of the head, and remained there, despite a full Esmarch-Heiberg manoeuvre. This was the only patient in our series whose airway remained partially obstructed, in spite of an EsmarchHeiberg manoeuvre.
DISCUSSION
All anaesthetists are aware that, as anaesthesia deepens, upper airway obstruction occurs in several patients. Guedel believed this to be a result of the lower jaw falling backward, allowing the base of the tongue to lie against the posterior wall of the pharynx [1] . Several devices were designed to overcome this problem [2] ; the Guedel airway is used most commonly today.
It has been shown recently by Nandi and his co-workers [3] that, after induction of anaesthesia, there are significant approximations of the soft palate, tongue base and epiglottis to the posterior pharyngeaJ wall. In Nandi's study, the tongue base was not shown to touch the posterior pharyngeal wall. In the present study, changes in the dimensions of the pharynx during apnoea after induction of anaesthesia in the last 17 patients (table I) were substantially the same as those reported previously, and in only one patient did the tongue touch the posterior pharyngeal wall. Therefore the Guedel airway might be expected to be successful by providing an alternative route for airflow via the mouth instead of the nose. In practice, however, manoeuvres are often needed, such as dorsiflexion at the atlantooccipital joint or an Esmarch-Heiberg manoeuvre, while in a small number of patients, obstruction may continue despite all attempts to overcome it.
This study has demonstrated at least three possible sites of obstruction of the Guedel airway: a "shelf" of tongue occluding the end of the Guedel airway; lodging of the airway in the vallecula; and obstruction by the epiglottis, perhaps with entry of the epiglottis into the airway. One cause of obstruction may change to another during attempts to clear the airway. We found only one case of upper airway obstruction when the cause was not apparent on x-ray. Conversely, we had several cases when the airway was clinically clear, but the radiological appearance showed a possible site of obstruction. This is presumably a result of superimposition of structures on the x-ray with lateral channelling of airflow around the obstruction, as we were only taking a view in one plane. This is particularly relevant in patients in whom the epiglottis appears to be causing obstruction ( fig. 5 ). Neither individual pharyngeal dimensions nor their changes after induction of anaesthesia showed any relationship to the type of airway obstruction resulting from the use of the Guedel airway.
Thus it is apparent that the failure of the Guedel airway to overcome obstruction is not a result of a single cause. There is no way of predicting the site of obstruction from clinical observation and efforts to overcome it may change the site of the problem rather than removing it. Further modification is made difficult by the multiplicity of problem sites. It is not easy to see how the Guedel airway may be altered to achieve the ideal of a " hands off' airway. Perforating the Guedel airway at a number of sites may allow the passage of gas to circumvent a site of obstruction, but this has been tried without success.
